INTRODUCTION
Violaxanthin 1 and 9-cis-violaxantin 2 Fig. 1 are the most abundant epoxycarotenoids biosynthesized in higher plants, and these compounds primarily accumulate in their acylated forms in various fruits 3 . Recently, we reported that both violaxanthin and 9-cis-violaxanthin are converted to auroxanthins Fig. 1 by acidic treatment with the antioxidant activities of violaxanthin, 9-cis-violaxanthin, and auroxanthins 4 .
Aside from violaxanthin and 9-cis-violaxanthins, antheraxanthin 1 5 and 9-cis-antheraxanhin 2 and the detailed NMR structural analyses of 3 and 4 have been also described in the previous report 7 . On the contrary, the production quantity ratio of 3 to 4 from 1 and 2, and the plausible conversion mechanism from 1 and 2 to 3 and 4, have not been reported. Furthermore, the antioxidant activities of 1-4 have never been reported previously primarily due to their unstable natures.
In this report, we confirmed the production quantity ratios of 3 to 4, from 1 and 2, and proposed plausible mechanisms of the conversion for the first time. Further-more, we examined lipid peroxidation inhibitory i.e., the inhibition of rat brain homogenate peroxidation initiated by the Fe 2 -Fe 3 -O 2 complex 8 and progressed by lipid peroxide-derived radicals 9 and 1 O 2 -quenching i.e., inhibition of methylene blue-sensitized linoleic acid photo-oxidation 10 activities of 1-4.
MATERIALS AND METHODS

Spectroscopic Analysis
HR-ESI-MS spectra were obtained using a JMS-T100LP mass spectrometer Jeol, Tokyo, Japan , with reserpine as an external standard. NMR spectra were measured by an AVANCE400 Bruker BioSpin, Karlsruhe, Germany in CDCl 3 , using the residual solvent peak as the internal standard δ C 77.0, δ H 7.26 ppm .
Preparation of antheraxanthin 1
Six hundred grams of persimmon Diospyros kaki , purchased at a fruit shop in Tokyo, was cut into small blocks 3 cm 3 cm 3 cm, approximately , suspended in saturated aqueous NaHCO 3 water 400 mL , and agitated in a blender for 30 s. One liter of acetone was added to the NOTE Abstract: In this study, we investigated the antioxidant activities of antheraxanthin-related carotenoids. Antheraxanthin and 9-cis-antheraxanthin were prepared from persimmon and orange fruit, respectively, and converted to other carotenoids under acidic conditions. Resulting carotenoids were purified using preparative silica gel HPLC, and their structures were analyzed in detail by NMR spectra. Both antheraxanthin and 9-cis-antheraxanthin were found to be converted to (8R)-and (8S)-mutatoxanthin at an approximate ratio of 3:2. High antioxidant activities were observed for antheraxanthin, 9-cis-antherxanthin, (8R)-mutatoxanthin, and (8S)-mutatoxanthin, with potent lipid peroxidation inhibitory and moderate 1 O 2 -quenching activities.
Key words: antheraxanthin, 9-cis-antheraxanthin, mutatoxanthin, antioxidant activity agitated persimmon solution, and the solution was stirred for 5 min and filtered. The remaining solid on the filter paper was then collected in a 2 L beaker. The solid was added to 750 mL of CH 2 Cl 2 /acetone 2:1, v/v and stirred for 15 min at room temperature to extract the carotenoids this was repeated twice . The combined filtrate 1.5 L was concentrated into a small volume to remove CH 2 Cl 2 and acetone and separated into EtOAc 200 mL and H 2 O 200 mL without pH adjustment. The EtOAc layer was concentrated to dryness to give a crude carotenoid extract 0.19 g containing diacyl 1, diacyl violaxanthin, and diacyl 9-cis-violaxanthin.
To prepare 1, the carotenoid extract was saponified by resuspension in 20 mL of KOH solution 5 g KOH/100 mL 90 EtOH and 5 mL of CH 2 Cl 2 and stirred for 1 h. The solution was added to a separation funnel containing EtOAc 200 mL and H 2 O 200 mL , and the two layers EtOAc/ H 2 O were shaken well. The EtOAc layer was collected and dried using anhydrous Na 2 SO 4 and concentrated to dryness to give a red oil containing 1 and 2 180 mg . The red oil was then subjected to chromatography on a 10 2 cm column of Chromatorex FL60D silica gel Fuji Silysia Chemical Ltd., Aichi, Japan and eluted with hexane-acetone 3:1, v/v 300 mL . The fractions containing 1 and 2 were collected and concentrated to dryness to give a red powder 31.0 mg . Finally, the red powder was separated using a preparative HPLC Hitachi L-7000 HPLC system; Hitachi High-Technologies Co., Tokyo, Japan column 250 mm 10 mm i.d.; Cosmosil 5SL; Nakarai Tesque, Inc., Kyoto, Japan , with solvent: CH 2 Cl 2 : diethyl ether 1:1, v/v , flow rate: 3.0 mL/min, detection: photodiode array PDA , and monitored at 250-700 nm. Under these conditions, pure 1, violaxanthin, and 9-cis-violaxanthin were eluted at 15.0, 18.0, and 23.0 min, respectively. The amount of 2 in persimmon was very little, and we could not identify the corresponding peak. The peak area at 460 nm ratio of 1: violaxanthin: 9-cis-violaxanthin was approximately 0.2:1:2.
Preparation of 9-cis-antheraxanthin 2
Seven hundred grams of navel orange Citrus sinensis , purchased at a fruit shop in Tokyo, was cut into small blocks one navel orange was cut into 16 equivalent pieces , and handled the same way as described in the previous section. In the final preparative HPLC, pure 2 was eluted at 20.0 min. Since the amount of 1 in navel orange was very little, we could not identify the corresponding peak. The peak area at 460 nm ratio of violaxanthin: 2: 9-cis-violaxanthin was approximately 1:3:5.
2.4 Acid conversion of antheraxanthin 1 and 9-cis-antheraxanthin 2 , and the puri cation of products Compounds 1 and 2 each 2.0 mg were dissolved in 10 mL of 0.1 M HCl in 50 EtOH and stirred for 5 min at room temperature. The solution was then transferred to a test tube containing 60 mL EtOAc and 60 mL H 2 O and mixed well using a separatory funnel. The EtOAc layer was dried over anhydrous Na 2 SO 4 and concentrated to dryness to give a mixture of mutatoxanthin a mixture of 8R -mutatoxanthin 3 and 8S -mutatoxanthin 4 in each experiment. The auroxanthin mixtures obtained from 1 and 2 Fig. 1 The structures of violaxanthin, 9-cis-violaxanthin, antheraxanthin 1 , and 9-cis-antheraxanthin 2 . 12 , with some modifications. Frozen rat brains Wistar, 8-week-old males , purchased from Funakoshi Tokyo, Japan , were defrosted in ice-cold 0.1 M phosphate buffer at pH 7.4. Then, 0.8 g of the brain was mixed with 30 mL of ice-cold phosphate buffer for 2 min in a Teflon homogenizer. Two hundred microliters of the homogenate, 0.6 mL of 0.1 M phosphate buffer at pH 7.4, 0.1 mL of 1 mM sodium ascorbate, and 50 μL of carotenoid solutions dissolved in methanol final concentration, 0.1-100 μM were added to small glass test tubes 5 mL and mixed well. Tubes were incubated at 37 for 1 h under reciprocal agitation. Malondialdehyde was produced in the reaction mixture according to the concentrations of the lipid peroxides; the reaction with thiobarbituric acid was used to quantify the amount by OD 532 . The percent inhibition was calculated as follows: 1-T-B / C-B 100 where T, C, and B were the OD 532 readings of the treated carotenoid, the control peroxidation with no carotenoid , and the zero-time control no peroxidation without homogenate , respectively.
RESULTS AND DISCUSSION
Diacyl antheraxanthin in persimmon 600 g and diacyl 9-cis-antheraxanthin in navel orange 700 g were extracted in CH 2 Cl 2 : acetone 2:1, v/v under alkaline conditions. The extracts were saponified to afford crude antheraxanthin 1 and 9-cis-antheraxanthin 2 . Compounds 1 and 2 were further purified by partitioning between EtOAc and H 2 O, silica gel column chromatography, and preparative silica gel HPLC to afford pure 1 0.3 mg and 2 1.4 mg .
To obtain acid conversion products from 1 and 2, 1 and 2 each 2.0 mg were each dissolved in 0.1 M HCl in 50 EtOH and stirred for 10 min at room temperature. The solution was partitioned between EtOAc and H 2 O, and the EtOAc layers containing the converted products were analyzed by silica gel HPLC using CH 2 Cl 2 : diethyl ether 3:1, v/ v as the developing solvent. For both HPLC analyses for the products from 1 and 2, two peaks with similar UV-Vis absorbance were observed at 17.5 and 20.0 min, respectively, and the peak area ratio of them at 450 nm was approximately 3:2. The two product peaks derived from 1 and 2 were shown to be identical by co-chromatography of the products from 1 and 2.
To isolate the products, we combined the EtOAc layers of 1 and 2, and isolated each peak using preparative silica gel HPLC and the conditions described above. We then analyzed the peaks by HR-ESI-MS and 1D 1 H and 13 C and 2D 1 H-1 H DQF COSY, HMQC, HMBC, and NOESY NMR spectroscopy. The peaks at 17.5 and 20.0 min were identified to be 8R -mutatoxanthin 3 0.5 mg and 8S -mutatoxanthin, 4 0.2 mg , respectively, by the detailed analyses of the 1D and 2D NMR spectra based on the previously reported assigned 1 H and 13 C NMR data 7 .
The present study is the first report showing the direct evidence of the production of 3 and 4 by acid treatment of 1 and 2, whereas these conversions has been suggested in a previous report 7 . This is also the first study reporting the production ratio of 3 and 4 3:2 from both 1 and 2. A plausible reaction mechanism for the conversion of 1 and 2 to 3 and 4 is shown in Fig. 2 . The cation generated at the epoxide oxygen by protonation conjugates to the olefin structure in the intermediate. Then, the 9-cis olefin structure isomerizes to a more stable 9-trans olefin. This finding indicated that 1 and 2 convert to 3 and 4 in the stomach after ingestion, and also implies that all the other cis isomers of antheraxanthin will be converted to 3 and 4 by acid treatment. We also measured the lipid peroxidation inhibitory and 1 O 2 -quenching activities of 1-4 and compared them with the activities of β-carotene and astaxanthin. The results IC 50 are shown in Table 1 .
As shown in Table 1 , 1-4 showed potent lipid peroxidation inhibitory activities IC 50 0.72-1.37 μM , which were superior to those of β-carotene IC 50 72 μM and astaxanthin IC 50 100 μM and almost equivalent to those of violaxanthin, 9-cis-violaxanthin, and auroxanthins IC 50 0.43-2.1 μM . The potent rat brain peroxidation inhibitory activities of 1-4 may be derived from 5,6-or 5,8-epoxide structures which scavenge radical species 13 , considering the structural differences among 1-4, violaxanthin, 9-cisviolaxanthin, auroxanthins, β-carotene, and astaxanthin. Concerning 1 O 2 -quenching activities, 1 and 2 showed weaker activities IC 50 10.9 and 11.4 μM, respectively than astaxanthin IC 50 1.2 μM , whereas the activities were equivalent to violaxanthin and 9-cis-violaxanthin IC 50 9. 
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